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RELATED APPLICATION 
[0001] This application relates to and claims a prior- 

ity from corresponding Japanese Patent Application No. 
2003-113786 filed on April 18, 2003. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

The present invention relates to a granular material 
sorting machine for sorting and removing foreign materials 
such as stones undesirably mixed in cereals like rice 
grains and defectives such as colored grains and, more 
specifically, to an air valve functioning as the main com- 
ponent which affects the sorting capability in the granu- 
lar material sorting machine. 

[0003] Description of the Related Art 

In general, elimination of defectives by means of a 
sorting machine is carried out by contiguously releasing 
granular materials into air along a given falling locus 
and. blowing away the defectives at a predetermined posi- 
tion outside the given falling locus with use of air 
pulses in accordance with a defective detection signal. It 



is an air valve to generate the air pulses that directly 
blow away the defectives in a sorting machine. In this 
sense, it is considered that the air valve is the main 
component that determines the sorting capability of a 
5 sorting machine. Though it is ideal that the sorting ma- 
chine can selectively remove only the defectives from the 
granular materials falling down along a given falling lo- 
cus in which the defectives are undesirably involved. How- 
ever, in practice, the sorting machine blows way not only 

10 the defectives but also normal granular materials some- 
times. This is an unfavorable phenomenon that results in, 
and it is noted as one of the reasons that the air valve 
does not have a satisfactory high-speed performance re- 
quired for the selective removal. .Therefore, high-speed 

15 performance of a high level is required for the air valve 
in order to efficiently remove only the defectives. 
[0004] At present, as the air valve used for rice grain 

sorting machines among the sorting machines, air valves 
utilizing electromagnetic attraction force have been used 

20 most widely. The air valve of this type is configured such 
that an electromagnet is used to attract an armature hav- 
ing air valve function and the air valve is opened only 
for a period in which the electromagnet has attracted the 
armature. However, the air valve utilizing the electromag- 

25 netic attraction force has already reached its maximum 



capability and has no more allowance for the high-speed 
operating performance for reasons of the followings. 
Namely, it is required to increase the electromagnetic 
force in order to achieve the high-speed operation of the 
5 air valve. However, the magnetic saturation of the arma- 
ture works as one of the factors for limiting the attrac- 
tion force. Since there is no allowance at present for the 
magnetic material itself used for the armature to ease the 
magnetic saturation phenomenon, it is required to increase 

10 the mass of the armature in order to enhance the attrac- 
tion force. However, the increase in the mass of the mov- 
ing armature itself runs counter to the further high-speed 
operation thereof. Hence, it is noted that the operation 
of the air valve of the type utilizing the electromagnetic 

15 attraction force at a high speed faster than the speed 

having been achieved at present will be so hard to real- 
ize . 

[0005] As physical means other than the electromagnetic 

attraction force, there is piezoelectric effect that may 

20 be used for generating force for opening the air valve. In 
this case, displacement to be generated when a piezoelec- 
tric material such as a ceramic material is applied with a 
voltage is utilized. As a concrete example of the piezo- 
electric element, a piezo-element may be given as the rep- 

25 resentative. The piezo-element converts electric energy to 



mechanical energy in a highly efficient manner and has a 
sufficiently high response speed. However, the quantity of 
the displacement to be generated by the piezo-element is 
at most in a range of ten and several jam to several tens 
5 /zm, which is too small to be used for the air valve used 
in the sorting machine that performs control operations to 
open and close the compressed air. 

[0006] An example, in which a piezoelectric element is 

used for an air pressure ejector (air valve) in a sorting 

10 apparatus, is disclosed in, for example, the specification 
of Japanese Patent Application No. H8-518436 (Japanese 
Patent Publication No. H10-510040) . Fig. 1 is a represen- 
tative drawing of the ejector, and the outline of the 
ejector will now be explained in the following. In this 

15 ejector, the opening and closing of a space between cham- 
bers 13, 15 into which compressed air 11 has been intro- 
duced and a valve seat 17 is performed by a superimposed 
member consisting of a diaphragm 21 and a piezoelectric 
element 23 those which are arranged transversely with re- 

20 spect to the valve seat 17. The superimposed member of the 
diaphragm 21 and the piezoelectric element 23 is arranged 
such that it is slightly remote from the valve seat 17 
when the compressed air 11 has not been introduced into 
the chambers 13, 15. When the compressed air 11 is intro- 

25 duced into the chambers 13, 15 and the chambers 13, 15 



come to be in a pressured state, a difference in the pres- 
sure, that is a differential pressure, is generated be- 
tween the inlet 25 for the compressed air and the outlet 
27 being in contact with the exterior air. This differen- 
5 tial pressure elastically deforms the superimposed member 
consisting of the diaphragm 21 and the piezoelectric ele- 
ment 23 to close the valve seat 17 and causes the superim- 
posed member to stay at that position. Under the state as 
described above, when current is applied selectively to 

10 the piezoelectric element 23, the superimposed member con- 
sisting of the diaphragm 21 and the piezoelectric element 
23 recedes from the valve seat 17, that is, moves upward 
in the drawing, due to the deformation of the piezoelec- 
tric element 23 to thereby give a space between itself and 

15 the valve seat 17 so that the valve seat 17 is opened. 

Corresponding thereto, the compressed air 11 inside the 
chambers 13, 15 is ejected as the air pulses 29 to the 
exterior through the valve seat 17 and the outlet 27. The 
air valve of this type has relatively small mass in the 

20 movable section, and therefore, it suits to the require- 
ment of the high-speed performance. However, the force 
itself generated by the displacement of the piezoelectric 
element is little, and the air valve of this type cannot 
respond quickly. Hence, the air valve of this type has not 

25 been used with satisfaction for the opening/closing con- 



trol of the air valve to which the high-speed response 
performance is intensively required. As a result, there is 
a problem for the air valve of this type in that it cannot 
give sufficient air pulses 29, especially in the response 
5 performance. 

[0007] As other example in which a piezoelectric ele- 

ment is used in the air valve is described in the paper 
titled as "Air pressure on/off valve utilizing the impact 
force of a laminated piezoelectric element", pages 203- 

10 204, Symposium IV of the 74th National Meeting of the 

Japanese Machinery Society. The on/off valve disclosed in 
this paper is configured such that a small inertial member 
(a nozzle flapper valve) having been constantly supported 
in a biased state by a spring having weak elasticity is 

15 caused to spring up due to the impact force generated by a 
piezoelectric element to thereby transiently generate a 
gap greater than the displacement quantity of the piezo- 
electric element itself. However, there is such a defec- 
tive in this on/off valve that it takes time for the clos- 

20 ing operation of the flapper valve after the impact be- 
cause the closing operation is effected by a spring with 
weak elasticity. 

[0008] As still other example in which a piezoelectric 

element is used for the valve, there is a piezoelectric 
25 element valve of a laminated piezoelectric actuator type 



as disclosed in Japanese Patent Laid-open No. H8-93944. 
This piezoelectric element valve is a valve to be in- 
stalled between the inlet side and the outlet side of a 
raw material gas injection equipment or the like for in- 
5 jecting gas into a nuclear fusion apparatus and to be used 
for the remote control of the gas injection. This piezo- 
electric element valve has a mechanism of enlarging the 
displacements generated by a piezoelectric element by vir- 
tue of the principle of a pry. However, it takes time with 

10 this valve for the closing operation like the valves of 

the prior art do since the closing operation of the valve 
is effected by an elastic member (a spring) for resetting 
unlike the piezoelectric element. On the other hand, it is 
not problematic so much to take time for the closing op- 

15 eration in case of the piezoelectric element valve, be- 
cause the piezoelectric element valve is not for generat- 
ing the air pulses to which excellent high-speed perform- 
ance is required for both opening and closing operations, 
but is simply a valve for controlling the gas passage. 

20 [0009] The air valve according to the present invention 

uses the above-described piezoelectric element as will be 
described later, in which a special additional mechanism 
is provided to solve such disadvantages of the valves us- 
ing a piezoelectric element of the prior arts that the gap 

25 to be produced is small and the closing operation is slow. 



[0010] Although it is neither an electromagnetic air 

valve nor a piezoelectric air valve, the other example of 
the prior art for the elimination device of a sorting ma- 
chine is disclosed in the specification of Japanese Patent 
5 Application No. 2000-182203 (Japanese Patent Laid-open No. 
2002-01232) . In this device, a slope surface to be contact 
with granules is formed in a unified state at the distal 
end portion of a movable access shaft in a so-called sole- 
noid-type driving means, and it is configured such that 

10 the driving means is selectively operated to directly and 
mechanically eliminate the defective grains. Although 
there could be problematic in the response performance and 
the abrasion property if the movable access shaft of a 
sliding type is formed, this elimination device has such a 

15 special structure that it uses the bounce of a permanent 
magnet to float the movable access shaft to thereby sup- 
port the movable access shaft without sliding. Since the 
movable access shaft is structured to be supported without 
sliding, no load such as the sliding friction applied to 

20 the movable access shaft at the time of access is pro- 
duced. As a result, high-speed response performance 
equivalent to that of the air pulse type can be attained. 
In addition, it is an additional advantage for this device 
that a compressed air source is not required as the compo- 

25 nent . However, since the permanent magnet is structurally 



required for floating the movable access shaft to support 
it, the size of the elimination device alone becomes large 
to a given extent. Accordingly, for example, in case of a 
sorting machine of multi-channel system, it is required to 
5 make some modifications for the sorting machine such as 
arranging the adjacent elimination devices in zigzag pat- 
terns, and so on. 



SUMMARY OF THE INVENTION 

10 [0011] In view of the above-described problems of the 

prior arts, it is an object of the present invention to 
provide an air valve using a piezoelectric element to be 
used for a sorting machine, with which air pulses with 
sufficient ejecting amounts can be stably produced. 

15 [0012] It is another object of the present invention to 

provide an air valve to be used for a sorting machine, 
which can use the high-speed response performance exerted 
by a piezoelectric element at the maximum level to operate 
both the opening and closing operations at high speeds. 

20 [0013] It is still another object of the present inven- 

tion to provide an air valve to be used for a sorting ma- 
chine, which includes a compact piezoelectric element and 
can convert electric energy to mechanical energy with very 
high conversion efficiency, and with such characteristics, 

25 is suitable for the miniaturization of the whole apparatus 



and the use with low power consumption not only in sorting 
machines of the single channel type but also sorting ma- 
chines of the multi-channel type. 

[0014] According to the first aspect of the present 

5 invention , it is provided with a piezoelectric air valve 
to be used for a granular material sorting machine com- 
prising : 

an air valve main body including air pressure cham- 
bers for receiving compressed air fed from an air pressure 
10 feeding means and an air outlet extending from the air 
pressure chambers to the exterior; 

a valve body for controlling operations to open and 
close a space between the air pressure chambers and the 
air outlet; 

15 a piezoelectric element for generating driving force 

in the form of displacements required for the opening and 
closing operations of the valve body; and 

a displacement enlarging mechanism for enlarging the 
displacements generated by the piezoelectric element and 

20 then apply the enlarged displacement to the valve body, 
wherein the valve body, the displacement enlarging 
mechanism and the piezoelectric element are mechanically 
connected to one another, and on one hand, the opening 
operation to open the valve body is performed in accor- 

25 dance with the enlarged displacements that are produced by 
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enlarging the displacement generated by the piezoelectric 
element by the displacement enlarging mechanism when a 
voltage is applied to the piezoelectric element and, on 
the other hand, the closing operation to close the valve 
5 body is performed in accordance with the resetting force 
of the piezoelectric element when the applying of the 
voltage to the piezoelectric element is stopped. 
[0015] It is preferable to install two sets of the 

displacement enlarging mechanisms at symmetrical positions 
10 when they are viewed from the air outlet side so that the 
displacements generated by the piezoelectric element are 
transmitted evenly to the valve body via the displacement 
enlarging mechanisms . 

[0016] According to the second aspect of the present 

15 invention, it is provided with a multiple-type piezoelec- 
tric air valve formed by a plurality of a unit piezoelec- 
tric air valve comprising : 

an air valve main body including air pressure cham- 
bers for receiving compressed air fed from an air pressure 
20 feeding means and an air outlet extending from the air 
pressure chambers to the exterior; 

a valve body for controlling operations to open and 
close a space between the air pressure chambers and the 
air outlet; 

25 a piezoelectric element for generating driving force 



in the form of displacements required for the opening and 
closing operations of the valve body; and 

a displacement enlarging mechanism for enlarging the 
displacements generated by the piezoelectric element and 
5 then applying the enlarged displacement to the valve body, 

wherein a plurality of air pressure chambers are con- 
nected transversely so that they become a common chamber, 
and each one side of two single piezoelectric air valves 
locating at the outermost positions are closed with side 
10 plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] The above and other objects, features and advan- 

tages of the present invention will be apparent from the 

15 following description of preferred embodiments of the in- 
vention explained with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a cross-sectional view of an air valve ac- 
cording to the prior art using a piezoelectric element; 

20 Fig. 2 is a transverse cross section of the major 

portion of a granular material sorting machine that can 
use the piezoelectric air valve according to the present 
invention; 

Figs. 3A and 3B are schematic views of a piezoelec- 
25 trie air valve of a first example according to the present 



invention; 

Fig. 4 is a view showing a state when a voltage is 
applied to the piezoelectric element of the piezoelectric 
air valve shown in Figs. 3A and 3B; 
5 Figs. 5A and 5B are schematic views of a piezoelec- 

tric air valve of a second example according to the pre- 
sent invention; 

Figs. 6A and 6B are schematic views of a piezoelec- 
tric air valve of a third example according to the present 
10 invention; 

Figs. 7A and 7B are schematic views of the piezoelec- 
tric air valve of the third example shown in Figs. 6A and 
6B, a part of which is modified; 

Figs. 8A and 8B are schematic views of a piezoelec- 
15 trie air valve of a fourth example according to the pre- 
sent invention; and 

Fig. 9 is a schematic view of a multiple-type piezo- 
electric air valve according to the present invention to 
be used for a multi-channel sorting machine. 

20 

PREFERRED EMBODIMENTS OF THE INVENTION 
[0018] Now, the piezoelectric air valve and the multi- 

ple-type piezoelectric air valve according to the present 
invention will be described in detail in the following 
25 with reference to the appended drawings. 
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[0019] In the first place, the outline of a granular 

material sorting machine that can use the piezoelectric 
air valve according to the present invention will be ex- 
plained with reference to Fig. 2 in order to help under- 
5 standing of the present invention. Fig. 2 is a schematic 
cross-sectional side view of the main portion of the 
granular material sorting machine 30 and the internal 
structure thereof. The granular material sorting machine 
30 includes on its upper portion a granular material feed- 

10 ing section comprising a tank 31 and a vibrating feeder 

32. The granular materials fed from the granular material 
feeding section naturally flow down in series through an 
inclined chute 33 and then released into air from its 
lower end portion along a given falling locus. 

15 [0020] In the surrounding of the said given falling 

locus, at least a pair of optical detection devices 34a, 
34b are arranged substantially symmetrically with respect 
to the falling locus. Each of the pair of optical detec- 
tion devices comprises a photosensor, a lamp and a back- 

20 ground plate. However, the details of these elements are 
not explained here because the configuration and operation 
of these elements are out of the subject matter of this 
invention and are well known by persons who have skills in 
the art. The optical detection devices 34a, 34b check 

25 every grain of the granular materials having reached the 
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detection point 0 on the falling locus. Specifically, the 
optical detection devices 34a, 34b transmit quantities of 
reflected light and/or transmitted light from the granular 
materials locating on the detection point 0 in the form of 
5 electric signals to a controller 35. The controller 35 
compares the signal level of every grain of the granular 
materials fed from the optical detection devices 34a, 34b 
with a predetermined value and determines the granular 
materials falling within the allowable range of values as 

10 the normal granular materials. On the other hand, the 

granular materials found to be out of the allowable range 
of values are determined as the defectives, and an elimi- 
nation signal is transmitted from the controller 35 to, 
for example, an elimination device 37 that includes 

15 therein the air valve according to this invention. When 
the air valve is used, the elimination device 37 blows 
away only the defectives from a given falling locus at a 
given elimination point E with use of air pulses to evacu- 
ate the defectives to the outside of the sorting machine 

20 through a defective elimination outlet 38. When the above- 
described solenoid-type driving means is used instead of 
the air valve, the defectives are mechanically and di- 
rectly eliminated from the falling locus and are evacuated 
to the outside of the sorting machine through a defective 

25 elimination outlet 38. Note that the elimination signal is 
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formed into a delayed signal that takes the period of time 
required by the granular materials for falling over the 
distance between the detection point 0 and the elimination 
point E into consideration. The normal granular materials 
5 having passed through the falling locus without the acti- 
vation of the elimination device 37 are recovered through 
a non-defective collection outlet 39. The representative 
example of the granular materials described here may be 
cereal grains, in particular rice grains. However, the 
10 granular materials are not limited to cereal grains, and 

any granular materials may be the objective as far as they 
have sizes and masses that can be blown away by the air 
pulses . 

[0021] Now, the piezoelectric air valve and the multi- 

15 pie-type piezoelectric air valve according to this inven- 
tion, those which can be used very conveniently as the 
main component of the elimination device to be included in 
a sorting machine as described above, will be described in 
detail . 

20 [0022] As will be described later, the piezoelectric 

air valve according to this invention may be carried out 
in various embodiments. However, the piezoelectric air 
valve includes, as the common components for the respec- 
tive embodiments, an air valve main body including an air 

25 pressure chamber for receiving compressed air fed from an 
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air pressure feeding means, an air outlet extending from 
the air pressure chamber to the exterior of the valve main 
body, a valve body for controlling operations to open and 
close a space between the air pressure chamber and the air 
5 outlet, a piezoelectric element for generating driving 
force required for the operations to open and close the 
valve body, and a displacement enlarging mechanism for 
enlarging the quantity of displacement of the piezoelec- 
tric element. The displacement enlarging mechanism works 

10 to enlarge the small displacement quantity generated by 

the piezoelectric element by employing the principle of a 
pry. By virtue of the displacement enlarging mechanism, it 
is made possible to solve the defective of the air valve 
that uses a piezoelectric element of the prior art, that 

15 is, the small gap formed between the air outlet and the 

valve body that derives from such a feature of the piezo- 
electric element itself that it can generate only a minor 
displacement quantity. In the air valve according to this 
invention, it is very important that, among the components 

20 described above, the piezoelectric element, the displace- 
ment enlarging mechanism and the valve body are configured 
such that all of them are connected to one another. With 
the configuration as described above, a gap with a suffi- 
cient dimension may be formed between the air outlet and 

25 the valve body by virtue of the displacement enlarging 

- 17 - 



mechanism under the state of applying a voltage to the 
piezoelectric element and, on the other hand, when the 
voltage having been applied to the piezoelectric element 
is stopped, the displacement generated by the piezoelec- 
5 trie element is reset to the original state of zero, the 
resetting force is forcibly transmitted to the valve body 
through the displacement enlarging mechanism, and the 
valve body contacts the valve seat portion at the air out- 
let to thereby completely intercept the connection between 

10 the air pressure chamber and the air outlet. Since the 
generation and reset of the displacement associated with 
the applying of voltage to the piezoelectric element and 
the stoppage thereof is so fast, the response speed of the 
air valve configured as described above is also fast. Ac- 

15 cordingly, an air valve capable of performing high-speed 
operations may be realized with this configuration. 
[0023] Now, the concrete examples commonly having the 

above-described configuration will be explained respec- 
tively with reference to Figs. 3A, 3B to 9. 

20 [0024] Figs. 3A and 3B show a piezoelectric air valve 

60 of the first embodiment according to this invention. 
Fig. 3A is a side view of the piezoelectric air valve, and 
Fig. 3B is a front view when it is viewed from the air 
outlet side. In the air valve main body 61, a compressed 

25 air chamber 62 that receives compressed air fed from an 
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external air pressure supply source (not shown) is de- 
fined. At one part of the air valve main body 61, an air 
outlet 63 extending from the compressed air chamber 62 to 
the exterior of the main body 61 is provided. On the por- 
5 tion of the air valve main body 61 to which the air outlet 
63 is provided, a valve seat 64 that slightly protrudes in 
the direction toward the compressed air chamber 62 is in- 
cluded. An arm member 66 having a valve body 65 on its tip 
end is provided such that it contacts the valve seat 64 . 

10 On the opposite side to the side of the arm member 66 

where the valve body 65 is provided, a first hinge 67 and 
a second hinge 68, those which are substantially in paral- 
lel, are provided, and each one end thereof is jointed to 
the arm member 66 in a unified state. The other end of the 

15 first hinge 67 is jointed to the air valve main body 61, 

and the other end of the second hinge 68 is jointed to one 
end of the piezoelectric element 70 via a cap member 69. A 
lead line 71 of the piezoelectric element 70 is extended 
to the exterior through an opening formed at an appropri- 

20 ate portion of the air valve main body 61 (the same as the 
following examples). The first and second hinges 67, 68 
are made of a material that is deformable such as bending 
and has proper spreading property, such as stainless steel 
and Invar material. The other end of the piezoelectric 

25 element 70 is fixed to the air valve main body 61 by means 
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of welding, adhesion or the like. In the example shown in 
the drawing, the valve body 65 is configured such that it 
is unified with the arm member 66. Since this unified part 
repeatedly impacts against the valve seat 64, it is pref- 
5 erable to form this part with a material which is resis- 
tant to abrasion due to the impacts. For this reason, it 
may be preferable sometimes to form the valve body 65 with 
a material different from that of the arm member 66 or to 
form the valve body separately from the arm member 66. In 

10 the example shown in the drawing, when the air valve is 
viewed from the side, the compressed air chamber 62 is 
shown such that the part thereof is opened. This is be- 
cause the air valve is configured on the basis of the 
premise that a plurality of unit air valves 60 configured 

15 as described above are transversely piled so that they can 
be used as a multiple-type air valve for multi-channels is 
shown in the drawing. When a plurality of air valves are 
transversely piled and used, the respective compressed air 
chambers are connected to one another to form a large com- 

20 pressed air chamber as a whole. In fact, each of the one 
sides of the outermost air valves 60 is closed with a 
plate-like member. It is needless to say that, when the 
air valve is used as a unit air valve but not as a multi- 
ple-type air valve, the both sides shown in the drawing 

25 may be closed with plate-like members (side plates) . This 
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is the same as the following examples. 

[0025] Then, the operation of the first example config- 

ured as described above will be described with reference 
to Fig. 4. Fig. 3A shows the state in which no voltage is 
5 applied to the piezoelectric element 70, that is, the 

state in which the valve body 65 has closed the valve seat 
64. Unlike Fig. 3A, Fig. 4 shows the state in which a 
voltage is applied to the piezoelectric element 70, that 
is, the state in which the piezoelectric element 70 is 

10 extended, the valve body 65 responds to the extension of 
the piezoelectric element to separate from the valve seat 
64, and a gap is produced there. During a period of apply- 
ing a voltage to the piezoelectric element 70, the air in 
the compressed air chamber 62 is evacuated as the air 

15 pulses to the exterior through the gap and then the air 

outlet 63. Since the piezoelectric element 70 itself is of 
the prior art, the elongation thereof when it is applied 
with a voltage is in a range of at most 10 and several /im 
to several tens i± m in the length. It is not sufficient if 

20 the gap between the valve body 65 and the valve seat 64 is 
formed only with the elongation of that extent. However, 
since the displacement enlarging mechanism comprising the 
first hinge 67, the second hinge 68 and the arm member 66 
is provided in the present invention, it is possible to 

25 produce a large or sufficient gap between the valve body 
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65 and the valve seat 64 , that is capable of evacuating a 
sufficient volume of compressed air through the air outlet 
63. Specifically, when the distance between the second 
hinge 68, that is the point of force, and the first hinge 
5 67, that is the fulcrum, is given as LI, and the distance 
between the first hinge 67 and the center of the valve 
body 65, that is the point of action, is given as L2, the 
elongation of the piezoelectric element 70 is enlarged 
L2/L1 times in the central part of the valve body 65 by 

10 virtue of the principle of a pry, which makes feasible to 
produce the gap with a sufficient dimension between the 
valve body 65 and the valve seat 64 . When the applying of 
a voltage to the piezoelectric element 70 is stopped, the 
piezoelectric element 70 is reset to the original state. 

15 Since the arm member 66 including the piezoelectric ele- 
ment 70, the cap member 69, the second hinge 68 and the 
valve body 65 in a unified state has a structure in which 
all components are connected to one another, the resetting 
force of the piezoelectric element 70 is forcibly trans- 

20 mitted as it is to the valve body 65 and acts as a forci- 
ble force so as to push or urge the valve body 65 against 
the valve seat 64. Once the valve 65 contacts the valve 
seat 64, the valve body 65 is held in a close adherence 
state by the valve seat 64 by virtue of the differential 

25 pressure between high pressure inside the compressed air 
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chamber 62 and the external air pressure in the air outlet 
63. 

[0026] Figs. 5A and 5B show a piezoelectric air valve 

of the second example according to this invention. Fig. 5A 
5 is a side view of the piezoelectric air valve 80, and Fig. 
5B is a front view thereof. To the components of the pie- 
zoelectric air valves of the following examples including 
this second example those which are same or equivalent to 
those of the first example, the same reference numerals 

10 are given, and the explanation for them will be omitted. 

In the second example, the valve body 85 is supported by a 
first flat or plate spring 81 and a second flat spring 82. 
One end of the first flat spring 81 is jointed to the air 
valve main body 61, and the other end thereof is jointed 

15 to the valve body 85. One end of the second flat spring 82 
is jointed to the cap member 69, and the other end thereof 
is jointed to the valve body 85. The first and second flat 
springs 81 and 82 are set as if they are inclined symmet- 
rically from the air outlet 63 supposed to be the center 

20 so that force to push the jointed valve body 85 against 
the valve seat 64 is exerted, when no voltage is applied 
to the piezoelectric element 70. In this example, the pro- 
trusion degree of the part of the valve seat 64 is larger 
than that of the first example, which is also associated 

25 with the setting of the flat springs 81, 82 in the in- 
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clined state. One end of a third flat spring 83 is jointed 
to the air valve main body 61 and the other end thereof is 
jointed to the cap member 69. The third flat spring 83 is 
set to antagonize force that biases the piezoelectric ele- 
5 ment 70 toward the upper right direction in the drawing. 
This force is generated in association with the inclined 
state of the second flat spring 82 when the piezoelectric 
element 70 is applied with a voltage and is then elon- 
gated. 

10 [0027] In the configuration as described above, Fig. 5A 

shows the state in which no voltage is applied to the pie- 
zoelectric element 70. When a voltage is applied to the 
piezoelectric element 70, the piezoelectric element 70 is 
elongated upwardly in the longitudinal direction. Accompa- 

15 nying with this elongation, the first flat spring 81, the 
second flat spring 82 and the third flat spring 83 are 
caused to bend. In response to the bending of these flat 
springs, a gap with a sufficient dimension is produced 
between the valve body 85 and the valve seat 64, and the. 

20 compressed air in the compressed air chamber 62 is evacu- 
ated to the exterior through the air outlet 63. In this 
example, the first flat spring 81, the second flat spring 
82 and the third flat spring 83 constitute the displace- 
ment enlarging mechanism. Since all of the first flat 

25 spring 81, the valve body 85, the second flat spring 82 



and the third flat spring 83 are connected via the cap 
member 69, the resetting force of the piezoelectric ele- 
ment 70, that is generated concurrently when the applying 
of a voltage to the piezoelectric element 70 is stopped, 
5 is forcibly transmitted to the valve body 85 and operates 
so as to push the valve body 85 against the valve seat 64. 
After the time point once the valve body 85 contacts the 
valve seat 64, the valve body 85 is held in a close adher- 
ence state by the valve seat 64 by virtue of the differen- 
10 tial pressure. This is same as the case of the first exam- 
ple . 

[0028] Figs. 6A and 6B show a piezoelectric air valve 

90 of a third example according to this invention. Fig. 6A 
is a side view of the piezoelectric air valve, and Fig. 6B 

15 is a front view thereof. In this example, two displacement 
enlarging mechanisms are provided symmetrically in the 
upper and lower positions with respect to a central line 
connecting the piezoelectric element 70 and the air outlet 
63 in the drawing. Since all -components are arranged sym- 

20 metrically with respect to the air outlet, the force act- 
ing to the valve body is counterbalanced in the upper and 
lower directions all the time. As a result, it is advanta- 
geous, particularly in the closed state, that the close 
adherence between the valve body and the valve seat is 

25 enhanced. The upper displacement enlarging mechanism com- 
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prises a first hinge 91, a second hinge 92, a first arm 
member 93 and a first flat spring 94. One end of the first 
hinge 91 is jointed to the air valve main body 61. One end 
of the second hinge 92 is jointed to the cap member 69. 
5 The respective other ends of the first and second hinges 
91, 92 are jointed to the base section of the first arm 
member 93. The first arm member 93 extends from the base 
section toward the external direction (right on the bias 
in the drawing) , and one end of the first flat spring 94 

10 provided with proper elasticity, plasticity and flexibil- 
ity that firmly urges the valve body 95 to the valve seat 
64 in cooperation with a second spring 99 described later 
is jointed to substantially the tip of the first arm mem- 
ber 93. The other end of the first flat spring 94 is 

15 jointed to one end of the valve body 95. The lower dis- 
placement enlarging mechanism comprises a third hinge 96, 
a fourth hinge 91, a second arm member 98 and the second 
flat spring 99. One end of the third hinge 96 is jointed 
to the air valve main body 61. One end of the fourth hinge 

20 97 is jointed to the cap member 69. The respective other 
ends of the third and fourth hinges 96, 97 are jointed to 
the base section of the second arm member 98. The second 
arm member 98 extends from the base section toward the 
lower direction (downward on the bias in the drawing) , and 

25 one end of the second flat spring 99 is jointed to sub- 
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stantially the tip of the second arm member 98. The other 
end of the second flat spring 99 is jointed to the other 
end of the valve body 95. As described above, the air 
valve of this example is configured such that the valve 
5 body 95 is supported by the two displacement enlarging 
mechanisms arranged symmetrically in. the upper and lower 
positions. As a material for making both of the first flat 
spring 94 and the second flat spring 99 for directly sup- 
porting the valve body 95, Mulage steel is preferably 
10 used. 

[0029] In the configuration described above, the draw- 

ing shows the state where no voltage is applied to the 
piezoelectric element 70. When a voltage is applied to the 
piezoelectric element 70, the element 70 is elongated in 

15 the upper right direction in the drawing. In association 
with this elongation, the second hinge 92 acts as the 
point of power, the first hinge 91 acts as the fulcrum, 
and the tip of the first arm member 93 acts as the point 
of action in the upper displacement enlarging mechanism. 

20 Then, the displacement quantity of the piezoelectric ele- 
ment 70 having been enlarged by virtue of the principle of 
a pry appears on the tip portion of the first arm member 
93. Similarly, the fourth hinge 94 acts as the point of 
power, the third hinge 96 acts as the fulcrum, and the tip 

25 portion of the second arm member 98 acts as the point of 
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action in the lower displacement enlarging mechanism. 
Then, the displacement quantity of the piezoelectric ele- 
ment 70 having been enlarged appears on the tip portion of 
the second arm member 98. The displacement of the piezo- 
5 electric element 70 enlarged in the direction where the 
distance between the first arm member 93 and the second 
arm member 98 is sundered and having appeared on the re- 
spective tip portions of the first and second arm members 
93, 98 sunder the valve body 95 a sufficient distance from 

10 the valve seat 64 via the first flat spring 94 and the 

second flat spring 99 and operates so as to produce a gap 
with a large dimension there. As a result, a sufficient 
volume of compressed air is evacuated from the compressed 
air chamber 62 to the exterior through the air outlet 63 . 

15 When the applying of a voltage to the piezoelectric ele- 
ment 7 0 is stopped, the resetting force of the piezoelec- 
tric element 70 is forcibly transmitted to the valve body 
95 through the upper and lower displacement enlarging 
mechanisms. In response to the transmission of the reset- 

20 ting force, the valve body 95 is seated onto the valve 
seat 64. At this time, in this example, the resetting 
forces of the first flat spring 94 and the second flat 
spring 99 as their spring forces effectively act to the 
valve body 95 to cause the valve body 95 to be firmly 

25 seated onto the valve seat 64. 



[0030] Figs. 7A and 7B show the variation of the above- 

described third example. Fig. 7A is a side view of the 
variation, and Fig. 7B is a front view thereof. Unlike the 
above third example wherein the third hinge 96 and the 
5 piezoelectric element 70 are directly jointed to the air 
valve main body 61 by means of welding, adhesion or the 
like, these members are jointed to a base plate 100 that 
is separated from the air valve 61 in this variation exam- 
ple. In the case where the air valve is configured as de- 

10 scribed hereinabove, it is made possible to unify the sec- 
tion that includes the displacement enlarging mechanism, 
the valve body and the piezoelectric element to thereby 
facilitate the assembly and maintenance operations of the 
air valve. Specifically, the unified part is incorporated 

15 into the unit installation region 101 that is formed in 

advance inside the air valve main unit 61, and the unified 
part is then fixed by means of appropriate fixing means 
102, following to adjusting the position of the unified 
part in the upper right or upper left direction in the 

20 drawing, (concretely, under such a state that a proper 

force has been applied in the upper right direction in the 
drawing) so that the proper close adherence between the 
valve body 95 and the valve seat 64 is attained under the 
state where no voltage is applied to the piezoelectric 

25 element 70. Consequently, it can be said that the fixing 



means 102 also function as a means for adjusting the pres- 
sure to push the valve body 95 against the valve seat 64. 
Since the operations of the piezoelectric element 70 under 
both the states of being applied with a voltage and with 
5 no voltage are fully the same as those of the third exam- 
ple, an explanation for the operations is omitted here. 
[0031] Figs. 8A and 8B show a piezoelectric air valve 

120 of a fourth example according to this invention. Fig. 
8A is a side view of the piezoelectric air valve, and Fig. 

10 8B is a front view thereof. In this example, as well as 
the third example, two displacement enlarging mechanisms 
are provided symmetrically with respect to the air outlet 
63 in the upper and lower positions in the drawing. In 
this example, the piezoelectric element 70 is set such 

15 that the longitudinal direction thereof is positioned to 

be orthogonal to the axial direction of the air outlet 63. 
As a result, it is made possible to shorten the depth of 
the air valve than the depth in the third example. The 
upper displacement enlarging mechanism comprises a first 

20 hinge 121, a second hinge 122, a first arm member 123 and 

a first flat spring 124. One end of the first hinge 121 is 
jointed to a base plate 131, and one end of the second 
hinge 122 is jointed to a first cap member 128a. The re- 
spective other ends of the first and second hinges 121, 

25 122 are jointed to the base section of the first arm mem- 
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ber 123. The first arm member 123 extends from the base 
section to the rightward transverse direction, and the tip 
portion thereof is jointed to one end of the first flat 
spring 124. The other end of the first flat spring 124 is 
5 jointed to one end of the valve body 125. The lower dis- 
placement enlarging mechanism comprises a third hinge 126, 
a fourth hinge 127, a second arm member 129 and a second 
flat spring 130. One end of the third hinge 126 is jointed 
to the base plate 131." One end of the fourth hinge 127 is 

10 jointed to a second cap member 128b. The respective other 
ends of the third and fourth hinges 126, 127 are jointed 
to the base section of the second arm member 129. The sec- 
ond arm member 129 extends from the base section toward 
the rightward transverse direction, and one end of the 

15 second flat spring 130 is jointed to the tip portion of 
the second arm member 129. One end of the first flat 
spring 124 and one end of the second flat spring 130 are 
jointed to the first arm member 123 and the second arm 
member 129, respectively, such that they form isosceles 

20 sides of an isosceles triangle, and the respective other 

ends thereof are jointed to the valve body 125. Unlike the 
above explained other examples, wherein one end of the 
piezoelectric element 70 is fixed to the air valve main 
body or the base plate, the piezoelectric element 70 in 

25 this example is set to be supported between the cap mem- 
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bers 128a, 128b provided to both the ends of the piezo- 
electric element, respectively. Note that, though the ex- 
ample shown in Figs. 8A and 8B is configured such that the 
piezoelectric element, the displacement enlarging mecha- 
5 nism and the valve body are unified with the base plate 
131 like the configuration of the variation of the third 
example, it may be configured differently such that the 
first hinge 121 and the third hinge 126 are directly 
jointed to the air valve main body 61 by means of welding, 

10 adhesion or the like. In the drawing, the reference nu- 
meral 132 denotes the unit installation region. 
[0032] In the configuration as described above, the 

drawing shows the state in which no voltage is applied to 
the piezoelectric element 70. When a voltage is applied to 

15 the piezoelectric element 70, the element 70 elongates in 

the upper and lower directions in the drawing. In response 
to the elongation, the first hinge 121 acts as the ful- 
crum, the second hinge 122 acts as the point of power, and 
the tip portion of the first arm member 123 acts as the 

20 point of action, in the upper displacement enlarging 

mechanism. As a consequence, the displacement quantity of 
the piezoelectric element 70 is enlarged by virtue of the 
principle of a pry and then appears on the tip portion of 
the first arm member 123. Similarly, in the lower dis- 

25 placement enlarging mechanism, the third hinge 126 acts as 
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the fulcrum, the fourth hinge 127 acts as the point of 
power, and the tip portion of the second arm member 129 
acts as the point of action. As a consequence, the dis- 
placement quantity of the piezoelectric element 70 is 
5 enlarged and then appears on the tip portion of the second 
arm member 129. The displacements of the piezoelectric 
element 70 having been enlarged in such a direction that 
the distance between the first arm member 123 and the sec- 
ond arm member 129 is sundered and having appeared on the 

10 respective tip portions of the first and second arm mem- 
bers 123, 129 sunder the valve body 125 a sufficient dis- 
tance from the valve seat 64 via the first flat spring 124 
and the second flat spring 130 and acts so as to produce a 
gap with a large dimension there. As a result, a suffi- 

15 cient volume of compressed air is evacuated from the com- 
pressed air chamber 62 to the exterior through the air 
outlet 63. When the voltage applying to the piezoelectric 
element 70 is stopped, like the examples as described 
above, the valve body 95 is forcibly seated onto the valve 

20 seat 64 via the upper and lower displacement enlarging 

mechanisms by virtue of the resetting force of the piezo- 
electric element 70. 

[0033] Fig. 9 is a partially-exploded perspective view 

of a multiple-type piezoelectric air valve 140 configured 
25 by transversely piling or stacking a plurality of unit air 
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valves according to the above-described examples 1 to 4 
including the variation so that it can meet with require- 
ments to be used for a multi-channel sorting machine. Al- 
though it is configured such that ten unit air valves are 
5 jointed in series in the drawing, it is needless to say 

that the number of the air valves may be altered freely in 
accordance with the intended applications. Note that the 
drawing of the inside of the unit air valve is omitted 
here. To one side of each of the outermost air valves when 

10 a plurality of unit air valves are piled, side plates 141, 
142 for defining a common compressed air chamber 62 inside 
are attached. The plurality of unit air valves are fas- 
tened with the side plates 141 and 142, and all of the air 
valves are fixed with plural fastenings (e.g., bolts 143 

15 and nuts 144) each of those which penetrates through all 
of the air valves to connect them so that a multiple-type 
piezoelectric air valve is configured. The compressed air 
fed from the air pressure supply source (not shown) is 
introduced from either right or left side plate 141, 142 

20 into the common compressed air chamber 62 being defined 

between the side plates 141, 142 via a pipe 145. Note that 
gaskets 148 are set between the unit air valves, and be- 
tween the outermost air valve and the side plate, respec- 
tively, in order to prevent air leakage from the piled 

25 plural unit air valves. It is needless to say that the 

- 34 - 



respective piezoelectric air valves can be operated inde- 
pendently one another when a voltage is selectively ap- 
plied to the piezoelectric elements included in the re- 
spective air valves. 
5 [0034] As described above, in the piezoelectric air 

valve according to this invention, a gap with a sufficient 
dimension is produced between the valve body and the valve 
seat while the voltage is applied to the piezoelectric 
element, since the displacements generated by the piezo- 

10 electric element are enlarged by the displacement enlarg- 
ing mechanism and then transmitted to the valve body for 
controlling the opening/closing of the space between the 
compressed air chamber and the air outlet. As a result, 
compressed air of sufficient volumes may be ejected in the 

15 form of air pulses from the compressed air chamber to the 
exterior through the air outlet. Moreover, since all of 
the components in a region from the piezoelectric element 
to the valve body are jointed to one another, the reset- 
ting force of the piezoelectric element is forcibly trans- 

20 mitted to the valve body when the voltage applying to the 
piezoelectric element is stopped. As a result, the quick 
operations to open and close the space between the com- 
pressed air chamber and the air outlet can be realized. 
[0035] Furthermore, since the piezoelectric element 

25 itself can exert very high conversion efficiency, it is 
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possible to provide an air valve consuming less electric 
power with use of the piezoelectric element. 
[0036] Still further, since the physical dimension of 

the piezoelectric element itself is little, it is made 
5 easy to make the size of the unit air valve compact. 

Hence, where a plurality of unit air valves are jointed to 
form a multiple-type piezoelectric air valve to be used 
for a multi-channel sorting machine, it is unnecessary to 
provide special arrangements, such as arrangement of plu- 
10 ral unit air valves in zigzag patterns, and it may be suf- 
ficient to simply pile the unit air valves of the required 
pieces . 

[0037] While the invention has been described in its 

preferred embodiments, it is to be understood that the 
15 words which have been used are words of description rather 
than limitation and that changes within the purview of the 
appended claims may be made without departing from the 
true scope of the invention as defined by the claims. 
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